1.
Introduction: Regulatory Reform and the New "Self-Regulatory" State
Regulatory agencies in the United States continue to adapt and change in response to the trenchant and sometimes vitriolic critique of regulation that developed in the late twentieth century (Demsetz 1968; Noll 1971; Priest 1993; Stigler 1971; Stigler and Friedland 1962) . Administrative agencies once denounced as costly, corrupt and coercive now fashion themselves as cooperative, consumer-friendly, even complaisant. Regulated companies once viewed as renegades, recalcitrant or, at best, reluctant compliers, seek no longer to shake off the yoke of regulation, but rather to take the reins.
These shifts have resulted in what many have characterized as a "self-regulatory" regulatory regime, in which regulated corporations increasingly undertake core governmental responsibilities like standardsetting, monitoring and enforcement (Ayres and Braithwaite 1992; Delmas and Terlaak 2002; Parker 2002 ).
While many self-regulation activities are solely private sector initiatives 1 adopted in the hopes of garnering goodwill with consumers (King et al. 2002) or staving off more stringent government regulation (Maxwell et al. 2000) , self-regulatory practices have increasingly attracted the attention of government regulators looking for innovative tools to further regulatory objectives and to stretch shrinking agency budgets. So, for instance, the US Occupational Safety and Health Administration (OSHA), an agency once held up as the paragon of "unreasonableness" (Bardach and Kagan 1982) , now sponsors the Voluntary Protection Program, which exempts participants from routine OSHA inspections if they maintain comprehensive safety management programs and low injury rates (Chelius and Stark 1984) . The US Environmental Protection Agency, once derided as the "manure Gestapo" (Centner 2000, 1 Examples include the codes of conduct adopted by many apparel firms, as well as industry-wide initiatives like the chemical industry's Responsible Care, the ski industry's Sustainable Slopes and the Hotel Green Leaf Eco-Rating Program. 250), recently entered into a voluntary agreement with livestock feedlots that "shielded the industry from enforcement action in exchange for participation in a study of its air emissions" (Saiyid 2007 (Saiyid , 2598 .
Other agency programs push the model of self-regulation still further by outsourcing governmental enforcement and policing functions. These programs invite firms not only to monitor themselves, but to voluntarily report and remediate legal violations they find. For instance, the US Department of Veterans Affairs sponsors an initiative that encourages medical professionals to selfdisclose medical errors (Andrus et al. 2003) . The US Department of Justice, the US Department of Defense, and the Securities and Exchange Commission each offer incentives including amnesty, limited liability, prosecutorial leniency, and confidentiality to encourage companies to disclose fraudulent or other illegal behavior (Duggin 2003; Fleder 1999; Medinger 2003) . Similarly, the US Department of Health and Human Services has a Provider Self-Disclosure Protocol that offers leniency to health care providers who voluntarily report violations of their Medicare and Medicaid obligations.
2 While these kinds of programs have proved exceedingly popular in an era of tight regulatory budgets, 3 little is known about the effects of the programs themselves or the behavior and motivations of those who participate in them. Still less is known about how they might contribute to the overall effectiveness of a regulatory regime. There are two ways to think about whether and how corporate selfregulatory practices might enhance government enforcement efforts. The baseline question for any evaluation is, of course, whether self-regulation improves the performance of those companies that adopt it. To date, most theoretical and empirical work on self-regulation has addressed the achievements (or failures) of companies participating in specific industry-sponsored initiatives (King and Lenox 2000; Rivera et al. 2006 ) and government-sponsored programs (Khanna and Damon 1999; Vidovic and Khanna 2007) . 4 However, the insights produced by this literature do not end the inquiry for those interested in 2 For a review of voluntary self-reporting systems of incidents, accidents, and procedural violations in different industries, see Barach and Small (2000) . 3 For recent reviews of voluntary environmental programs, see Darnall and Carmin (2005) , King and Toffel (Forthcoming) , Koehler (2007) , and Lyon and Maxwell (2007) . 4 A recent meta analysis of voluntary environmental programs concluded that "participants do not improve their environmental performance over nonparticipants" (Darnall and Sides 2008: 95) .
how corporate self-regulation fits into the broader regulatory scheme. To understand the dynamics of a mixed voluntary and mandatory regulatory regime, one must also investigate whether self-regulation by some subset of the regulated community helps regulators allocate their enforcement resources more effectively than they would in its absence. In other words, does a regulated firm's decision to adopt or decline self-regulation provide regulators with new and reliable information about which firms to trust and which firms to target? And do regulators process and respond to this information effectively? In addressing these questions, this paper represents one of the first attempts to develop a dynamic account of how self-regulation influences the behavior of both regulators and regulated entities and shapes enforcement outcomes within existing regulatory frameworks.
We analyze these questions in the empirical context of the US Environmental Protection
Agency's (EPA) Audit Policy, a self-policing program that offers penalty mitigation to regulated entities that agree to systematically monitor their environmental compliance and self-disclose violations to the agency, and in the enforcement context of one of the most widely applicable federal environmental statutes, the Clean Air Act (CAA). Through this analysis, we seek to determine whether the internal monitoring, or "self-policing," required under the Audit Policy affects the behavior of regulators and regulated facilities and the relationship between them. Specifically, we examine whether self-policing is associated with improved environmental performance at participating facilities and whether regulators reduce their scrutiny over self-policing facilities. We find that self-policing can enhance the environmental performance of facilities that are already good compliers, but that historically poor compliers do not see significant gains from self-policing. In addition, we find that regulators reward selfpolicing facilities that already had clean past compliance records with an "inspection holiday," but they do not significantly decrease scrutiny of poor past compliers. These findings suggest that self-policing can help good facilities do better and that regulators are effectively sorting the good facilities from the bad.
Theoretical Framework: Self-Regulation as Signal
Theoretical literature on regulatory design has long posited that self-regulatory practices have the potential to improve the performance of participating firms by remaking the regulated corporation as a more "reflexive" (Orts 1995; Teubner 1983) , "responsive" (Ayres and Braithwaite 1992) , and even "democratic" (Parker 2002) institution. "The basic idea is to encourage internal self-critical reflection within institutions" (Orts 1995 (Orts , p. 1254 ) that will enable corporations to attend more effectively to their social and legal responsibilities.
Reflexive solutions offload some of the weight of social regulation from the legal system to other social actors. … Rather than detailed pronouncements of acceptable behavior, the law adopts procedures for regulated entities to follow. The procedures are adopted with a design in mind to encourage thinking and behavior in the right direction (Orts 1995 (Orts , p. 1264 .
In fact, some have argued that self-regulation can be more effective than government regulation in circumstances where the threat of government regulation is high and the marginal costs of self-regulation are low (Maxwell et al. 2000) .
Empirical research on self-regulation, however, paints a more complicated picture. While some studies find that monitored and certified self-regulation programs can improve facilities' regulatory compliance and performance (Dasgupta et al. 2000; Prakash 2004, 2005; Toffel 2006; Weil 2005) , the majority find that participation in self-regulation has little connection to measurable improvements in compliance or performance (Ebenshade 2004; King and Lenox 2000; Pirrong 2000; Pirrong 1995; Rivera et al. 2006; Vidovic and Khanna 2007; Welch et al. 2000) . In fact, in some cases, the adoption of self-regulation has been linked to performance declines (e.g., King and Lenox 2000) .
Moreover, while there is no doubt that self-regulatory practices can support companies' well-intentioned efforts to comply with law, they are often used for more nefarious purposes: to enhance (often unjustifiably) a firm or industry's reputation and legitimacy with outside stakeholders (Edelman et al. 1993) , to stave off more stringent government regulation (King and Lenox 2000; Maxwell et al. 2000) , or as a smokescreen to cover up actual wrongdoing (McKendall et al. 2002) . Thus, a key challenge in leveraging self-regulation into better overall regulatory enforcement is sorting out whether a given firm's self-policing efforts are sincere and effective or whether they are window-dressing or worse. Because it is difficult for regulators to ascertain the quality of internal monitoring systems that are largely private and unobservable, systems of monitored self-regulation present significant information asymmetry problems.
To date, the literature on self-regulation has focused almost exclusively on incentives, addressing questions ranging from how regulators should calibrate rewards and penalties to induce firms to selfregulate (Coglianese and Nash 2001; Lobel 2005; Maxwell and Decker 2006) , to how internal selfmonitoring practices can change the internal decision-making and incentive structures of firms that adopt them (Orts and Murray 1997; Parker 2002) . In designing regulatory programs, agencies too have focused on incentives, going to great lengths to reduce the costs 5 and to emphasize the benefits 6 of self-regulating.
For both scholars and regulators, the "fundamental regulatory challenge" is "how to create incentives for
continuing, yet increasingly costly, environmental improvement" (Johnston 2006, p. 168) , and selfregulation is at the core of that effort.
Theoretical work on voluntary regulation has also focused on incentives. Maxwell and Decker (2006) , for instance, model the incentive structure that will optimally induce voluntary environmental investment by regulated firms, improve aggregate compliance levels, and economize regulatory resources.
They describe the interactions between a regulator who makes a credible offer to reduce its scrutiny of self-monitoring firms and a firm that responds with a credible commitment to invest in self-monitoring.
They predict that this arrangement will yield three outcomes that are self-reinforcing: (1) the firm will invest in internal environmental audits or equipment maintenance programs to bolster its regulatory compliance; (2) this investment will, in fact, enable the firm to improve its regulatory compliance; and (3) 5 For example, US EPA promotes its WasteWise program by touting the program as being "free, voluntary, flexible" and makes clear that "The amount of time and money you invest is up to you! You are free to set goals that are the most feasible and costeffective for your organization," which includes the possibility of zero investment beyond completing the brief online registration form. US EPA, EPA WasteWise Program Overview, http://www.epa.gov/wastewise/about/overview.htm (updated December 18, 2007; accessed December 31, 2007) 6 US EPA, for instance, provides participants in its Performance Track program with "green marketing support" irrespective of the results they ultimately achieve. This includes, according to a Congressional Committee: "motivational posters; camera-ready advertisement "slicks"; press release templates; draft congratulatory letters to be signed by State Governors and other public officials; "tips" for communicating with employees, the public, and the media about Performance Track; video and powerpoint presentations; vehicle signs; flags; and event/conference planning" (Wynn and Stupak Letter, April 13, 2007) . the regulator will make good on its promise to inspect the firm less often. This model is a useful starting point for thinking about the interactions of regulators and firms in a mixed voluntary and mandatory regulatory scheme. However, because Maxwell and Decker's model is based on the regulator's being able to perfectly observe the firm's investment, they explicitly discount the possibility that a facility might establish self-monitoring procedures and fail to follow through on them, or that the competence required to self-police effectively might be unevenly distributed among firms. To the contrary, we suggest that the task of sorting the self-regulators that are disingenuous or ineffective from those that are serious and competent lies at the very heart of the monitored self-regulation enterprise (Darnall and Sides 2008; Lyon and Maxwell 2007) . We turn to signaling theory to provide insight into how regulators can address this information asymmetry problem. Darnall and Carmin (2005, p. 71) note the increasing importance of voluntary regulation practices as signals in the environmental field:
As regulators increasingly rely on voluntary programs, and as more businesses participate, it becomes essential to understand whether [Voluntary Environmental Programs] are leading to meaningful changes in environmental performance and whether the signals they send are accurate reflections of their participants' environmental behavior.
In this paper, we develop their insight by testing the reliability of and response to the voluntary disclosure signal. We use the term "signal" in Eric Posner's (2000b) sense, as a symbolic gesture designed to distinguish oneself to some intended audience as a "good type." Posner draws on the extensive economic literature on signaling in markets to construct a theory of how signals work in social and legal contexts.
In economic transactions, for instance, sellers deploy signals to "tell the buyers something about the quality of the individual seller or his product" (Spence 1976, p. 592) when quality is not readily apparent.
Signals operate similarly in social and political settings.
In ordinary life people engage in symbolic behavior all the time. They shake hands, applaud in theaters, salute the flag, wear stylish clothes, exchange wedding rings, bow, present gifts, observe diplomatic protocol, and show deference to superiors. In every case, the symbolic behavior is intended as a signal that the agent has a characteristic that the agent wants the receiver of the signal to believe that the agent has, but that the receiver cannot directly observe (Posner 1998, p. 767) .
Self-regulation practices, including codes of conduct, internal compliance offices, and industryor agency-sponsored voluntary programs, have become an important symbolic vocabulary for this kind of socio-legal signaling, as companies increasingly seek to identify themselves as "good types" to regulators and to the broader public (King et al. 2002) .
[I]n the absence of accurate information, environmentally proactive companies are unable to differentiate themselves from other firms. In these situations, the environmental performance of companies is 'pooled' together. Because there is no readily available means to determine which firms are cleaner than others, market actors, regulators and other external stakeholders who want to identify proactive firms may find it difficult to do so. To remedy environmental information asymmetries, some companies are relying on [self-regulation initiatives] to inform consumers, investors, corporate buyers and regulators about their environmental activities (Darnall and Carmin 2005, p. 75) .
It is far from clear, however, whether self-regulation is a particularly useful signal. Darnall and Carmin (2005) find very little to distinguish one voluntary program from the next, so the mere fact of participation does little to sort the good types from the bad. And, as we discuss above, empirical evidence demonstrates that self-regulation rarely improves the measurable performance of those that participate (Darnall and Sides 2008; Lyon and Maxwell 2007) .
These findings are not surprising viewed through the lens of signaling theory. The problem with using self-regulatory behavior as a signal is that, in most cases, it is not sufficiently costly to serve as a reliable indicator of the sender's type. Signals must have some intrinsic, non-trivial cost in order to reliably separate the good types from the bad. "Signals reveal type if only the good types, and not the bad types, can afford to send them, and everyone knows this" (Posner 2000a, p. 19) . In other words, to effectively identify the "good" types, a signal must be "too costly to fake" (Camerer 1988, p. S186) .
Because signals like adopting codes of conduct and participating in most government voluntary environmental programs are relatively costless, they cannot serve as effective signals of good compliance behavior. Unfortunately, this insight has been lost in the "win-win" rhetoric of government voluntary programs. In their efforts to incentivize participation, regulators often strip self-regulatory behavior of any value it might have as a signal.
The Audit Policy provides an interesting case study of the signaling value of self-regulation, because it is a more "costly signal" (Stephenson 2006, p. 756 ) than most. Unlike many other common self-regulation signals, voluntary self-disclosure of regulatory violations is associated with two kinds of costs. First, there is a cost inherent in implementing and maintaining the systematic, internal controls that are the policy's prerequisite. Not every firm will be willing to incur the initial and ongoing investments this requires. Second, there is a potentially costly risk in revealing to regulators that you have violated the law. Unlike many self-regulation symbols, which merely provide a platform for self-promotion, revealing the existence of a legal violation carries the potential to damage as well as to benefit the self-reporter. A firm that is truly a "bad apple" may be unwilling to risk attracting the regulator's attention and raising the regulator's suspicions in this way if it knows that its actual performance cannot withstand the regulator's scrutiny.
Viewed through this lens, the key question about self-regulation shifts from whether it "works" to whether it is a reliable signal. Posing the question in this way allows us to generate new insights about the dynamic relationship of regulators and regulated firms in a mixed regulatory environment. First, is the adoption of self-regulation practices merely symbolic, as many have charged, or does it signal something meaningful about a company's willingness and ability to dispatch its social and legal obligations? And, second, do agencies that employ self-regulation as a tool use it effectively to sort the good types from the bad, allowing them to leverage self-regulation at some firms toward better overall compliance? These are the questions we empirically examine in this paper.
Our paper makes important contributions to the empirical literature on self-regulation, as well as to the law and economics literature on signaling. We focus on a little-studied, but increasingly important, subset of self-regulation practices that we characterize as "self-policing," which encompasses efforts to encourage regulated entities to monitor their own compliance with law and report and remediate violations they discover. There has been surprisingly little research evaluating the outcomes of selfpolicing programs. The literature on self-policing is largely theoretical and primarily focuses on program design and penalty calibration (e.g., Innes 1999a Innes , 1999b Innes 2001; Kaplow and Shavell 1994; Malik 1993; Pfaff and Sanchirico 2000) . In part, this is because data on self-policing behavior is very difficult to obtain. In fact, many of the government agencies that sponsor such programs have found themselves incapable of evaluating them (US GAO 2004b). 7 Accordingly, our rigorous empirical analysis of the EPA's self-policing program represents a significant contribution to this literature.
The US EPA's Audit Policy, the subject of the current study, has been the subject of limited evaluation. Three years after the program's inception in 1995, the US EPA surveyed participants and state regulators who were involved in the program and reported high levels of participant satisfaction.
The report included several anecdotes from participants who claimed the program helped them reduce risks to the environment and human health (Federal Register 1999) . The only academic study examining EPA Audit Policy outcomes looks at its impact on enforcement activity over a two-year time period and finds that EPA decreases its scrutiny of participating facilities (Stafford 2007) . Our analysis expands on this work in three respects. First, we examine the effect of self-policing on enforcement activity over the life-span of the program. Second, we measure how self-policing affects environmental performance in addition to inspection rates, to determine whether any reduced regulatory scrutiny was warranted.
Finally, our theoretical framework allows us to generalize beyond this specific program to understand how self-regulation functions as a signal between regulated facilities and government regulators.
To our knowledge, this paper represents the first attempt to synthesize the insights of the theoretical literature on signaling with an empirical study of self-regulation outcomes. While some have noted the strategic value of self-regulation as a signal (King et al. 2002) , demonstrated how it confers benefits on self-regulating firms by communicating quality standards to potential exchange partners (King et al. 2005; Terlaak and King 2006) , and highlighted the importance of voluntary program design in validating self-regulation as a signal (Darnall and Carmin 2005) , no research to date has used the theoretical framework of signaling to understand how self-regulation affects regulatory outcomes and the relationships between regulators and regulated firms. We do so in this article, in the context of a government voluntary program that seeks to leverage corporate self-regulation as an enforcement tool.
This not only fills a gap in the literature, but provides a practical new way of understanding the dynamic relationship between self-regulation and the broader regulatory scheme.
Empirical Context: The US EPA Audit Policy
The US EPA's "Incentives for Self-Policing: Discovery, Correction and Prevention of Violations" (Audit Policy), launched in 1995, provides the empirical setting for our research. The main objective of the Audit Policy is to encourage facilities to self-police by implementing "systematic, objective, and periodic" environmental auditing and to develop a "documented, systematic procedure or practice which reflects the regulated entity's due diligence in preventing, detecting, and correcting violations" (Federal Register 1995, p. 66708) . Under this program, when a facility promptly discloses a violation to US EPA, corrects the violation, and takes steps to prevent future violations, US EPA reduces or waives the penalties that would have accrued and provides a loose assurance that it will not refer the voluntarily reported case to the US Department of Justice for criminal prosecution. The Audit Policy cannot be applied to violations that are similar to others the facility committed within the past several years, or to violations that "resulted in serious actual harm or which may have presented an imminent and substantial endangerment to public health or the environment" (Federal Register 1995, p. 66709 Policy attempts to achieve this by requiring participating firms to maintain a systematic, internal auditing system to monitor compliance with environmental regulations. While the particular violations disclosed under the program are certainly helpful to the regulator, the real leverage of the program is its insistence on company-wide internal auditing to monitor regulatory compliance. If self-disclosing is a reliable indicator that the company is conducting effective internal compliance audits that lead to adequate regulatory compliance, then US EPA could improve its inspection efficiency by reallocating its enforcement resources to focus on non-participants, who would thus be more likely to have violations.
Hypotheses: The Effect of Self-Policing on Regulatory Cooperation
We evaluate the value of voluntary disclosure as a signal by analyzing the effects of participation in the EPA Audit Policy. We examine, first, the reliability of the voluntary disclosure signal, or whether facilities that commit to engage in the ongoing self-policing activities required by the Audit Policy actually "clean up their act" more broadly and reduce the occurrences of abnormal events that release toxic chemicals to the environment. We then investigate how regulators respond to the voluntary disclosure signal.
Abnormal Environmental Releases
The EPA Audit Policy is designed to encourage managers to identify and correct compliance problems through internal monitoring and self-audits. As Orts and Murray (1997, p. 9) Making sure that these are maintained can prevent further discharge into the environment." 9 Similarly, an environmental manager at one of California's largest manufacturing plants told us:
I definitely believe regular audits are necessary to ensure not just regulatory compliance, but also the integrity of a facility's environmental safeguard. The purpose of the audits should be to identify potential mechanical or operating gaps in a system. Once identified, the facility can develop countermeasures or remedial actions to address any findings.
10
US EPA claims that benefits of auditing include "the development of spill response plans [that] will help prevent spills and minimize risk of associated harm" (Federal Register 1999, p. 26748) .
If facilities that self-disclose to the Audit Policy actually fulfill their promise of self-policing by maintaining internal environmental auditing routines, we would expect to see fewer environmental releases associated with abnormal events and accidents such as tank ruptures, leaking tanks, and spills from improper filling or overfilling tanks. We test this by examining whether facilities that commit to 9 Personal communication, March 20, 2008 . 10 Personal communication, March 20, 2008 conducting routine environmental auditing by disclosing to the Audit Policy subsequently experience fewer abnormal events that lead to environmental releases.
Regulatory Inspections
Self-policing is not only a method for companies to prevent violations and discover and disclose those that do occur. Self-policing is also meant to be a part of the regulator's targeting strategy to enhance the overall effectiveness of the enforcement regime by refining its ability to identify and reward compliant firms and to shift its resources to recalcitrant firms. We assess the extent to which this is occurring by investigating how regulators respond to voluntary disclosures on the part of regulated firms, and whether these responses allow regulators to leverage any gains in performance that self-regulation might produce.
Firms may self-report violations under the Audit Policy to generate goodwill with the regulator that might result in tangible benefits, such as reduced regulatory scrutiny (Pfaff and Sanchirico 2004; Short and Toffel 2008) . However, the Audit Policy provides no promise that participating firms will enjoy any lessening of regulatory scrutiny. Indeed, US EPA has adopted the formal stance that:
"[a]uditing does not in any way serve as a substitute for compliance activities, nor does it replace regulatory agency inspections" (Johnson and Frey 2000, p. 4) , and the agency's Office of Enforcement Policy has noted that regardless of self-policing efforts, "inspections play a major role in assuring quality and lending credibility to self-monitoring programs" (Wasserman 1990 (Orts and Murray 1997, p. 20) . This approach provides significant incentives for participation. An "inspection holiday," or a decrease in regulatory scrutiny, reduces direct costs associated with the conduct of inspections, including the staff time and resources that would be distracted from business activities (Shover et al. 1984 ) and the cost of tests conducted during inspections that the firm would have to bear (US EPA 1986). In addition, it reduces the likelihood that the regulator would discover and punish the firm's violations (Dimento 1989 ).
Inspection holidays also provide important benefits to regulators by giving them the flexibility to effectively target their enforcement resources. Reducing inspections at cooperative firms is central to the agency's broader targeting strategy, because it frees up enforcement resources that can then be used to pursue less cooperative firms. According to US EPA (1999b, p. 17) , "approximately half of the states indicate that their resources are insufficient to meet their inspection commitments." The non-profit Environmental Working Group reports that declining environmental enforcement budgets have led to hundreds of "significant" and "high priority" facilities not being inspected at all during the two-year period they analyzed (Coequyt and Wiles 2000) . These severe limitations on agency resources "underscore a need for a targeted approach to inspections" (US EPA 1999b, p. 17), and voluntary 13 In a conversation with one of the authors, a former US EPA attorney said that US EPA tended to regard Audit Policy disclosures as a "red flag" that warranted increased scrutiny (Personal communication, June 10, 2004) . Our conversations with US EPA inspectors yielded mixed impressions: one inspector said she would be less suspicious of firms that self-disclosed, while another inspector said he would be more suspicious, noting "if a facility makes a mistake in one area, it is probably making mistakes in other areas" (Personal communication, October 12, 2007) .
disclosures can play an important role in developing that approach. In addition, reducing scrutiny of cooperative firms is a way for the agency to communicate to the regulated community its own commitment to cooperative behavior, and thus to sustain the benefits of mutual cooperation in the regulatory arena (Ayres and Braithwaite 1992; Scholz 1984) . Because inspection holidays are both materially beneficial and represent sound regulatory strategy, we hypothesize that self-reporters subsequently will face fewer inspections. On the other hand, voluntary disclosures may reinforce regulators' existing impression of firms as good apples or bad apples. A substantial literature on cognitive biases suggests that regulators will "construe information and events in such a way as to confirm prior attitudes, beliefs, and impressions" (Langevoort 1997, p. 135) . Especially when a signal is ambiguous, people will interpret it in light of what they already know to be true, discarding interpretations that conflict with their pre-existing knowledge (Langevoort 1997; Nelson et al. 1997; Tannen and Wallat 1987) . If this occurs systematically as regulators interpret voluntary disclosures, then good apples will see benefits from self-disclosing, while bad apples may further cement their status. Below, we explore the conditions under which selfdisclosures alter or reinforce regulators' perceptions of firms by empirically examining whether and how facilities' prior compliance records influence regulators' responses to self-disclosures.
Methods

Data and Measures
We gathered data on facilities located across the United States that are subject to the US Clean Air Act (CAA), a statute that applies to a wide range of industries and activities that emit air pollutants beyond regulatory thresholds. We compiled data on self-disclosures associated with the US EPA Audit We measured environmental performance associated with abnormal events by gathering data on facilities' "one-time releases" of toxic chemicals from the US EPA's Toxic Release Inventory (TRI) 14 To avoid our results being driven by outliers, we recoded annual inspection tallies beyond 23, the 99.99th percentile, to 23. This affected only 98 of the 560,128 facility-year observations in our entire database of CAA inspections. 15 Less than 2% of facilities with any enforcement actions had more than a single one in a particular year. To avoid our results being driven by these outliers, we created a dummy variable rather than a count variable to measure enforcement actions. 17 We calculated annual number of one-time releases from the subset of facilities in our sample that were required to report TRI data.
18
We obtained data on facilities' annual production ratio values-the ratio of a facility's production level in the focal year to the prior year-from the TRI database. Because TRI-reporting facilities report production ratios for each chemical, we calculated the mean value for each facility-year, and top code values at the 99.9% percentile of the entire sample distribution of mean production ratios.
We gathered data on several forms of general deterrence. First, we considered the National Priority Sectors that US EPA announced every two years that would be targeted as nationwide enforcement priorities. We coded this as a dummy variable based on data from the US EPA's website. 19 
Second, we created a dummy variable to indicate facilities targeted by US EPA Compliance Incentive
Programs based on data obtained from the agency via Freedom of Information Act requests. These programs encourage facilities in particular EPA Regions or industries, or that conduct specific regulated activities, to reexamine their compliance status regarding a particular regulatory issue and self-disclose and correct any violations they discover. Third, we created two annual state level variables based on AIRS data: the log of total dollar value of Clean Air Act penalties assessed by environmental regulators, and the log of the total number of CAA regulated facilities. 16 Specifically, one-time releases includes all TRI chemicals "disposed or released directly into the environment or sent off-site for recycling, energy recovery, treatment, or disposal during the reporting year due to any of the following events: (1) remedial actions; (2) catastrophic events such as earthquakes, fires, or floods; or (3) one-time events not associated with normal or routine production processes" (US EPA 2007, p. 58). Our calls to New Jersey regulators and US EPA confirmed that this definition was routinely provided to companies. Our calls to several companies that had reported one-time releases also confirmed that they used this definition in deciding what to report as one-time releases. 17 For example, an EPA Regional TRI coordinator told us that "Internal audits would likely set up systems that could prevent or mitigate one-time releases. They could establish procedures that would prevent or mitigate one-time releases." A regulator from the New Jersey Department of Environmental Protection told us that internal environmental audits could reduce the frequency of one-time releases. 18 Facilities are required to report TRI data if they have at least 10 employees, operate in a targeted industry (e.g., manufacturers, utilities, mining), and produces or uses any of the listed chemicals in quantities greater than particular thresholds (which range from 10 to 25,000 pounds) (US EPA 2007: pp. 1 and 6). 19 US EPA's National Priority sectors can be found at http://www.epa.gov/compliance/data/planning/shortterm.html
Abnormal Environmental Releases Model
To assess the effect of self-policing on environmental performance, we estimate the following model:
The dependent variable y i,t refers to the number of one-time releases by facility i in year t. Our key explanatory variable is D i,t , a dummy variable. For those facilities that self-disclosed sometime during the sample period, this variable is coded 0 in the years prior to and the year the facility self-disclosed, and coded 1 in the years thereafter. For non-disclosers, this variable is always coded 0.
Because changes in facility size and production quantities may affect the number of one-time releases, X includes log employment and log production ratio. 20 We also include a full set of dummies ( i,t ) to control for the number of years before or after the match year. We include a full set of year dummies ( t ) to control for year-specific factors that might affect the number of one-time releases, such as the emergence of new technologies. We include facility-level conditional fixed effects ( i ) to control for all unobserved time-invariant factors that might influence a facility's one-time releases such as the facility's industry, geographic location, its EPA Region and state regulatory authorities, its proximity to inspection agencies, and the political power of its community.
Regulatory Inspection Model
We estimate the following model to assess the effect of self-disclosures on regulatory inspections:
The dependent variable y i,t refers to the number of CAA inspections to which facility i has been subjected in year t. Our key explanatory variable is D i,t , which is coded as described earlier.
21 20 We also estimated models that omitted these two control variables; our results were unchanged. 21 Prior studies have indicated that self-disclosure is associated with more inspections and enforcement actions (Short and Toffel 2008; Stretesky and Gabriel 2005) , both of which are included as control variables.
We control for many potential determinants of inspections in X. According to several economic models, regulators can bolster the effectiveness of their limited enforcement budgets by targeting inspections based on facilities' prior compliance records (Friesen 2003; Harrington 1988 ). In addition, US EPA notes that achieving compliance given its limited resources "is dependent on effective targeting of the most significant public health and environmental risks" (US EPA 1999a, p. 20) . This means not only targeting enforcement resources to the most pressing problem areas, but also to the firms most likely to be creating those problems, "taking into account… compliance/enforcement history" (US EPA 1999a, p. 20) . Indeed, EPA's policy suggests that facilities found in violation are often targeted for more frequent inspections in the near future (US EPA 1990), a relationship supported by empirical evidence (Harrington 1988; Helland 1998) . Thus, we include the number of CAA violations for which the facility was cited, and a dummy variable indicating whether the facility was subjected to an enforcement action, each lagged one and two years. Because regulators may attempt to ensure that they return to inspect facilities before a certain time lag occurs, we create a series of dummy variables to denote the number of years since the facility was last subjected to a CAA inspection.
We control for regulatory programs that may affect a facility's inspection rates by including dummy variables that indicate whether the facility was targeted in a given year for heightened inspector scrutiny via an EPA Compliance Incentive Program or an EPA National Priority sector. We control for variation in enforcement strategies within states over time by including the log of total penalties environmental regulators assessed and the log of total regulated facilities in each state-year (S).
We also include a full set of dummies ( i,t ) to control for the number of years before or after the match year. We include a full set of year dummies ( t ) to control for year-specific factors that may affect inspection rates, such as changes in presidential administrations, Congress, and EPA leadership. We include conditional fixed effects ( i ) at the facility level to control for all time-invariant factors that might influence a facility's inspection rate, such as its EPA Region and state regulatory authorities, the facility's year of construction, industry, proximity to the inspection agency, and the affluence of the facility's community (Helland 1998 
Matched sample
Our difference-in-differences approach relies on an identifying assumption that, if they had not participated in the Audit Policy, the trends in outcomes (specifically, the difference in outcomes between the pre-and post-periods) among voluntary disclosers and non-disclosers would have been indistinguishable. However, prior empirical research has demonstrated that self-disclosure is more likely among facilities that recently experienced greater regulatory scrutiny, which suggests that self-disclosers may differ from the entire population of non-disclosers in important ways.
To bolster the plausibility of the identifying assumption, we compare disclosing facilities to a matched set of non-disclosers who look "similar" to them in the years prior to self-disclosure. We do this based on the logic that a matched group of disclosers and non-disclosers that look "similar" before selfdisclosure occurs would have continued to look similar in the ensuing years had self-disclosure not occurred. In developing a matched sample, we seek to replicate a randomized experiment that compares "treated" to "controls" who do not differ systematically from each other at the time the treatment occurs (Shadish et al. 2002) or, in our case, when self-disclosure occurs. Relying on matched samples has been shown to significantly reduce bias in program evaluation (Blundell and Dias 2000; Smith and Todd 2005) .
To develop our matched sample, we implement case-control matching based on seven criteria.
For each self-discloser, we consider its industry (3-digit SIC Code) and annual inspections, violations, and enforcement actions record during each of the two years before it self-disclosed. We include as its matched controls those non-disclosing facilities that match exactly along these seven dimensions. We 22 A facility's size may also affect the attention it receives from regulatory inspectors. Annual data on facility size are not readily available to us or to regulators. Thus, we believe that to the extent regulators consider facility size in their targeting algorithm, they at most consider broad size categories such large, medium, or small. Our use of facility-level (conditional) fixed effects controls this among facilities that remain within a particular size category during the sample period. Furthermore, our results are unbiased even if facilities do change size categorizes to the extent that the probability of this occurring is uncorrelated with selfdisclosing.
refer to the former's self-disclosure year as the "match year" for this "matched group" of facilities. We repeat this process for all self-disclosers. We omit from the matched sample any self-discloser for which no matches were available, and all non-disclosers that went unmatched. This matching process results in an overall matched sample of 19,986 facilities, including 688 that self-disclosed violations. Our analysis includes each matched facility's observations starting two years before its match year through five years after the match year. Because our analyses identify changes in outcomes within facilities over time, we restricted our sample in each analysis to only those facilities for which we had data during at least one year before and one year after the match year.
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To examine whether regulators respond differently to self-disclosing facilities depending on their recent compliance history, we create two sub-samples of the matched sample. The good apples subsample includes those matched facilities that had no compliance citations (violations or enforcement actions) during either the match year or the previous two years. The bad apples sub-sample includes the matched facilities that had at least one compliance citation during these years. We extended the two models described above by interacting all independent and control variables with the good apple and bad apple (facility-level) dummies to explore whether one-time releases and inspection holidays differed between (a) good apples that self-disclosed versus good apples that did not; (b) bad apples that selfdisclosed versus bad apples that did not. We also explore whether there are significant differences between these within-group effects.
Results
Descriptive statistics are provided in Table 1 . * * * * * * * * * * * * * * * * Insert Table 1 about here * * * * * * * * * * * * * * * *
Abnormal Environmental Releases
We employ a conditional fixed effects negative binomial model to estimate the number of onetime releases, and a conditional fixed-effects logistic model to determine whether the probability of experiencing any one-time releases declined after self-disclosing. Our negative binomial results indicate that the expected annual number of one-time releases declined by 20% (p<0.01) after facilities selfdisclosed, holding all other variables constant 24 (Table 2 , Column 1). The marginal effect of the post-selfdisclosure coefficient implies that self-disclosers subsequently experienced 0.35 fewer annual one-time releases, compared to the matched sample of non-disclosers over the same period. To put this number in context, note that facilities in this sample averaged 1.7 one-time releases in the pre-match period. A t-test confirmed that our results were not confounded by pre-existing differences in trends between the facilities that were about to self-disclose and the matched non-disclosing facilities. 25 The conditional fixed-effects logistic results indicate that a facility's odds of experiencing any one-time releases decline by half (odds ratio of 0.57, p<0.01) after it self-disclosed, holding all other variables constant 26 (Column 2).
Our fully interacted model examined changes within the group of good apples and within the group of bad apples. Our negative binomial results (Column 3) indicate that self-disclosing good apples experienced a statistically significant decline in one-time releases compared to good apples that did not disclose (23% decline, p<0.01). In contrast, bad apples that self-disclosed did not experience a statistically significant decline compared to the non-disclosing bad apples (7% decline, p=0.35). A Wald test indicates that the difference in these effects is statistically significant ( 2 =3.53; p=0.06). Our fully interacted logistic model yielded similar results: good apples that self-disclosed subsequently realized a much lower probability of experiencing any one-time releases compared to non-disclosing good apples (odds ratio of 0.55, p<0.01), whereas we found no evidence of any change in this probability between the 24 Calculated as [exp(-0.223)-1]*100%. 25 We compared the self-disclosers' and non-disclosers' trends of one-time releases during the two years prior to the match year. We calculated the difference between the number of one-time releases each facility experienced in the match (disclosure) year and the number it experienced two years prior. A t-test indicated that the self-disclosers and non-disclosers had indistinguishable pre-trends (p=0.37). We employed this "difference" metric rather than a "percent changes" metric because a large proportion of our sample had no one-time releases in the baseline year, and thus their "percent change" from that period is undefined. 26 Calculated as [exp(-0.568)-1]*100%.
bad apples that did or did not self-disclose (odds ratio of 0.93, p=0.83) (Column 4). A Wald test indicates that the difference in these effects is statistically significant ( 2 =2.85; p=0.09).
* * * * * * * * * * * * * * * * Insert Table 2 about here * * * * * * * * * * * * * * * *
Regulatory Inspections
We also employed a conditional fixed effects negative binomial model to estimate the number of inspections and a conditional fixed-effects logistic model to determine whether the probability of experiencing any inspections declined after self-disclosing. The results of both models indicate that regulators granted inspection holidays to self-disclosers. Our negative binomial results indicate that after facilities self-disclosed, their expected annual number of inspections declined by 17% (p<0.01), holding all other variables constant 27 (Table 3 , Column 1). A t-test confirmed that our results were not confounded by pre-existing differences in trends between the facilities that were about to self-disclose and the matched non-disclosing facilities. 28 Our logistic model indicates that facilities that self-disclosed subsequently experienced a decline in the probability of facing any inspections by a factor of 0.74 (p<0.01) (Column 2).
* * * * * * * * * * * * * * * * Insert Table 3 about here * * * * * * * * * * * * * * * * The results of our fully interacted models reveal that regulators responded differently to selfdisclosures depending on whether the self-disclosing facility was a good apple or a bad-apple. Our negative binomial results indicate that good apples that self-disclosed subsequently experienced 23% fewer inspections compared to non-disclosing good apples (p<0.01) ( Table 4 , Column 1). We find no evidence of an inspection holiday being granted to bad apples that self-disclosed; their subsequent inspection rate was no different than non-disclosing bad apples (p=0.56). A Wald test indicates the difference between these effects is statistically significant ( 2 =5.06; p=0.02), which enables us to conclude that regulators bestowed a larger average inspection holiday on good apples that self-disclosed than they did on bad apples that self-disclosed. Our logistic results present the same pattern (Column 2).
Among good apples, regulators subsequently reduced the probability of conducting at least one annual inspection on facilities that self-disclosed by a factor of 0.78 (p=0.05). We find no evidence of this effect among bad apples (p=0.94).
As an alternative way to distinguish between good apples and bad apples, we used a more myopic time window, classifying as good apples only those facilities that had no cited violations or enforcement actions in the year before match year or the match year (our main analysis considered the firm's compliance record during both one and two years before the match year). The results of both our negative binomial and logistic inspection models were nearly identical to our main results, bolstering the robustness of our finding evidence that inspectors bestowed inspection holidays on good apples that selfdisclosed, but no evidence that self-disclosing affected their inspections of bad apples.
* * * * * * * * * * * * * * * * Insert Table 4 about here * * * * * * * * * * * * * * * *
Discussion and Future Research
Our results provide evidence that self-regulatory practices can improve performance under certain circumstances. Specifically, we demonstrate that Audit Policy participants with clean past compliance records improved their environmental performance by reducing their accidental releases of toxic chemicals to the environment. We also find that regulators rewarded these effective self-policers with an "inspection holiday." By contrast, "bad apple" self-disclosers did not improve their performance compared with similar non-disclosing firms. We find no evidence that regulators altered their scrutiny over these ineffective self-policers. These findings suggest both the possibilities and limitations for integrating self-policing practices into an existing regulatory regime and using voluntary disclosure as a signal of their efficacy.
Three key insights follow from these findings. First, self-regulation has different effects in different contexts. We found that self-disclosing good apples reduced their number of abnormal environmental releases compared to a similar set of non-disclosing good apples. But we found no such improvements among bad apples. This distinction highlights the importance of taking into account firmlevel characteristics as an important moderator in future theories and empirical studies of self-regulation.
Our results suggest that the would-be self-regulator's existing skill level or capacity place significant limits on what self-regulation can accomplish. We show that self-policing can help good apples do better, but it does not appear to do so for bad apples.
Second, our results suggest that, in some contexts, voluntary disclosure can serve as a reliable signal of future performance, but that the signal must be interpreted against the backdrop of the selfreporter's past compliance. Like other self-regulation signals, both good and bad types can and do send the disclosure signal. These findings are consistent with existing empirical research suggesting that the adoption of self-regulatory practices does not reliably identify participants as good or bad future compliers (King and Lenox 2000; Koehler 2007; Pirrong 2000; Pirrong 1995; Rivera et al. 2006; Vidovic and Khanna 2007; Welch et al. 2000) . However, regulators do not appear to be "fooled" by bad apples that send the voluntary disclosure signal. Moreover, voluntary disclosures do appear to provide a means for distinguishing the "great" apples from the merely good apples. These results demonstrate that voluntary disclosures can provide regulators some targeting leverage, but they also suggest the importance of addressing signaling issues more explicitly in designing voluntary programs. To produce meaningful signals-and results-these programs must address the different capabilities and commitment levels participants bring to the process of self-regulation. Programs like US EPA's Performance Track and OSHA's VPP address this issue by sorting firms in advance, allowing only those with good track records to participate. Regulators should think about other ways to "pre-qualify" companies for participation in voluntary regulation. Another way to strengthen the signaling value of self-regulation is to raise its costs. As Darnall and Sides (2008, p. 75) show, the vast majority of voluntary environmental programs currently lack even rudimentary monitoring and performance standards, which "creates opportunities for free-riding" by enabling facilities to participate at very little cost-meaning, "without changing their environmental behavior or meeting program goals." Delmas and Keller (2005, p. 104) suggest that regulators could deter free-riding more effectively with voluntary programs that "combin [e] monitoring and sanctioning mechanisms." Or, as Kirmani and Rao (2000) put it: "No Pain, No Gain."
Finally, it turns out that regulators are quite adept at interpreting the voluntary disclosure signal and effectively sorting the good apples from the bad. We found that regulators had accurately parsed these two groups of self-disclosers, rewarding the former but not the latter with inspection holidays.
While regulators may have been interpreting voluntary disclosures through the lens of existing reputation, their interpretations were accurate. These results complement previous research finding that regulators grant inspection holidays to facilities that improve their environmental performance by reducing toxic pollution levels (Decker 2005) . Our results also extend Maxwell and Decker's (2006) model by showing that both the performance of and rewards for self-monitoring are contingent. By rewarding the firms that improve while continuing to monitor those that don't, regulators are engaging in a form of "responsive regulation" (Ayres and Braithwaite 1992) that has the potential to nurture the cooperation of the good apples and encourage future gains by bad apples, motivated by not by self-regulation, but by enforcement scrutiny.
These findings raise a number of interesting questions for future research. Our findings highlight the need for comparative research on self-regulation that attends to distinctions among specific practices and contexts to produce insights about where and why some kinds of self-regulation work better than others (Darnall and Sides 2008) . In addition, future evaluations of self-policing could employ different types of outcomes. Prior research has found that voluntarily disclosing environmental liabilities can bolster the credibility of other information such firms release, which reduces their cost of capital and attenuates negative shocks to stock prices when they release bad news (Blacconiere and Patten 1994; Cormier and Magnan 2007) . Researchers could investigate whether such benefits also accrue to firms that voluntarily disclose regulatory compliance violations. While we found no evidence that bad apples claiming to self-police improved their compliance, future research could examine the extent to which this resulted from opportunism (faking) or a capabilities deficit, a distinction critical when considering how to improving the design of self-regulation programs. Finally, we suggest further research about the actual and potential signaling value of different kinds of self-regulation and how regulators might design mixed regulatory schemes that not only encourage companies to self-regulate but that accurately identify those doing so effectively.
Conclusions
We have demonstrated some of the benefits and the limitations of self-policing practices and the use of voluntary disclosure as a signal. Compared to similarly situated, non-disclosing facilities, selfdisclosing firms on average reduce the number of abnormal events resulting in toxic chemicals being released to the environment. Parsing the sample, we find that these results are driven by improvements by the self-disclosers with clean compliance histories (good apples) when we compare them to nondisclosing good apples. In contrast, we find no evidence of such improvement when we compare selfdisclosers to non-disclosers among facilities with poor compliance histories (bad apples). We also find evidence that regulators interpret the voluntary self-disclosure signal accurately, rewarding effective selfdisclosers-but not ineffective self-disclosers-with an inspection holiday. These findings suggest that self-regulatory practices can provide some leverage on enforcement, but they can't make a bad apple good. Values reported are coefficients, with standard errors in brackets; + p<0.10; * p<0.05; ** p<0.01. All models also include a dummy variable denoting when a missing employment value was recoded to zero. Models 3 and 4 include interactions of all variables with "good apples" and "bad apples" dummy variables. Unit of analysis is the facility-year. The sample includes matched facilities' observations starting 2 years prior their match year to 5 years after the match year, and include only facilities that reported data to the EPA's Toxic Release Inventory. The conditional fixed effects negative binomial model drops facilities that have identical annual one-time release rates throughout the sample period. The conditional fixed effects logistic model drops facilities whose annual one-time release rates are either always positive or always zero throughout the sample period. Values reported are coefficients with standard errors in brackets; + p<0.10; * p<0.05; ** p<0.01. Unit of analysis is the facility-year. The sample includes matched facilities' observations starting 2 years prior their match year to 5 years after the match year. The conditional fixed effects negative binomial model drops facilities that have identical annual inspection rates throughout the sample period. The conditional fixed effects logistic model drops facilities whose annual inspection rates are either always positive or always zero throughout the sample period. Values reported are coefficients with standard errors in brackets; + p<0.10; * p<0.05; ** p<0.01. Unit of analysis is the facility-year. Fixed effects for t years before/after match year and fixed effects for years are interacted with "good apples" and "bad apples" dummy variables. The results of Model 2 were nearly identical when year fixed effects were included instead of fixed effects for t years before/after match year; the model did not converge when both sets of fixed effects were included. The sample includes matched facilities' observations starting 2 years prior their match year to 5 years after the match year. The conditional fixed effects negative binomial model drops facilities that have identical annual inspection rates throughout the sample period. The conditional fixed effects logistic model drops facilities whose annual inspection rates are either always positive or always zero throughout the sample period.
